The recent observations of bright optical and x-ray flares by the Swift satellite suggest these are produced by the late activities of the central engine. We study the neutrino emission from far-ultraviolet and x-ray flares under the late internal shock model. We show that the efficiency of pion production in the highest energy is comparable to or higher than the unity, and the contribution from such neutrino flashes to a diffuse very high energy neutrino background can be larger than that of prompt bursts if the total baryonic energy input into flares is comparable to the radiated energy of prompt bursts. These signals may be detected by IceCube and are very important because they have possibilities to probe the nature of flares (the baryon loading, the photon field, the magnetic field and so on).
High energy neutrino emission from gamma-ray bursts (GRBs) has been expected in the context of the standard internal-external scenario of GRBs. Especially, since the prediction of Waxman and Bahcall [1] , neutrino bursts in the internal shock model have been studied by several authors and neutrino afterglows in the external shock model have also been discussed [2, 3] .
The standard model of GRBs has succeeded in explaining many observations, but there were a few outstanding questions in the study of GRBs before the launch of the Swift satellite [see reviews, e.g., [4] ]. The Swift satellite, which is an ideal mission to answer these questions, has presented indeed very fruitful results during the first several months of its operation. Especially in the x-ray band, Swift x-ray telescope detected an x-ray afterglow for essentially every burst, which showed the surprising behaviors that are not straightforwardly expected in the pre-Swift era [5] . The early afterglow light curve has several surprising features such as an early steep decay, a follow-up shallower-than-normal decay, one or more x-ray flares and so on [see, e.g., [5] ]. Especially, observations show that many bursts have large x-ray flares superimposed on the underlying afterglow. In the early afterglows of XRF 050406 and GRB 050502b, x-ray telescope detected mysterious strong x-ray flares, and some flares such as GRB 050607 and GRB 050904 have multiple flares [6] . These observational results suggest the existence of additional emission in the early afterglow phase besides the conventional forward shock emission.
In this Letter we calculate high energy neutrino emission from far-ultraviolet (FUV) and x-ray flares under the late internal shock model [7] . Our method of calculation using GEANT4 [8] is the same as in Murase and Nagataki [2] , but quantitatively improved [9] . Now, large neutrino detectors such as IceCube, ANTARES, and NESTOR are being constructed [10] . In the near future, these detectors may detect high energy neutrino signals correlated with flares.
The model.-The flares typically happen hundreds of seconds after the trigger of prompt emissions or earlier. In some cases, they occur around a day after the burst. The observed typical time scale is larger than that of the prompt emission, which is t 10-10 3 s [5, 6] . The amplitudes of the flares are usually larger than the underlying afterglow component by a factor of several, but can be much larger. These can be even comparable to or higher than the prompt burst component which is typically L GRB X 10 49 -10 52 ergs=s around 1-10 keV band. Hereafter we take L max 10 47 -10 50 ergs=s as a peak luminosity of far-ultraviolet and x-ray flares. Although some flares allow for the possibility of external shock processes, the general features of the flares suggest that this phenomenon is best interpreted as a late internal central engine activity [5] . The variability of some GRB afterglows implies that the engine may last much longer than the duration of the bursts [11] , although a possible mechanism for reactivity of the central engine is unknown [12] . We suppose the late internal shock occurs a few minutes after the prompt -ray emission, powering a new unsteady relativistic outflow. Falcone et al. show that the case of GRB 050502b implies the late outflow has the smaller Lorentz factor, ÿ & 20 [6] . Hence, we assume that the typical Lorentz factors of the ejected material are smaller than the prompt emission, setting ÿ s 10 and ÿ f 100 as the typical Lorentz factors of the slow and fast shells, respectively. We can estimate the Lorentz factor of the merged shell ÿ ÿ f ÿ s q ' 30, and the Lorentz factor of the internal shocks can be estimated by ÿ sh ÿ f =ÿ s q ÿ s =ÿ f q =2 a few. This regenerated internal shocks are called as the late internal shocks [7] . The typical collision radius is expressed by commonly used relation, r 10 14:5 ÿ=30 2 t=61 zs cm. Of course, it should be smaller than the deceleration radius. Actually the exact radiation mechanism producing the flares is unclear. Here, however, let us assume that flares are produced by the synchrotron emission to see typical parameters. [7] . Here, L M is the outflow luminosity. Therefore, the typical emitted energy is in the soft x-ray band.
For numerical calculations, we simply set the break energy and adopt the power-law spectrum similarly to that of the case of the prompt emission. Although most of flares are actually well fitted by a Band function or cutoff power-law model [6] , such a treatment does not change our results so much. We use the following expression in the comoving frame, dn=d"
max , where we set " min 0:1 eV because the synchrotron self-absorption will be crucial below this energy and " max 1 MeV because the pair absorption will be crucial above this energy [13] . Actually we do not know the peak energy and the lower spectral index of many flares [7] . So we allow for the existence of far-ultraviolet-ray (FUV-ray) flares and take " b 0:01-0:1 keV in the comoving frame. We assume 1 and set 2:2 [5] similarly to the prompt emission. The photon energy density is U R d""dn=d". The magnetic energy density and the nonthermal proton energy density are expressed by U B B U and U p acc U , respectively. The nonthermal baryon loading factor acc can be expressed by acc p 100:1= e , where p is the proton acceleration efficiency. Roughly speaking, acc 10 and B 1 correspond to B 0:1 if p 1. We take r 10 14:5-16 cm with ÿ 10-50. Although we have done wide parameter surveys, we will hereafter set the width of the shell to r=2ÿ 2 4:5 10 11-12 cm according to t 30-300 s at z 1, and show the two cases of r 10 14:9 cm with ÿ 30 and r 10 15:3 cm with ÿ 15.
To obtain the pion production rate and estimate the maximal energy of accelerated protons, we need to take into account following various cooling time scales. We consider the synchrotron cooling time written by t syn 3m 4 p c 3 =4 T m 2 e " p U B , the inverse-Compton (IC) cooling time which is given by Jones [14] , the adiabatic cooling time comparable to the dynamical time, and the photomeson cooling time which is evaluated by
where " is the photon energy in the rest frame of proton, p is the proton's Lorentz factor, p is the inelasticity of proton, and " th 145 MeV is the threshold photon energy for photomeson production. 
where 5 10 ÿ28 cm 2 , p " 0:2, and " 0:3 GeV, and " 0:2 GeV [1] . Here, we have included the effect of multipion production and high inelasticity which is moderately important, and multiplied by a factor of 2-3 in Eq. (2) 
where E b p ' 0:5 " m p c 2 ÿ 2 =E b is the proton break energy. From Eq. (3), we can conclude that a significant fraction of high energy accelerated protons cannot escape from the source without photomeson productions. In the case of bright x-ray flares whose luminosity is larger than 10 49 ergs=s and FUV-ray flares, almost all protons accelerated to the very high energy region will be depleted.
Neutrino spectrum and flux.-As in the case of the prompt emission, we can expect high energy neutrino flashes from one GRB event only if the flare is nearby or energetic. In Fig. 2 , we show an example of the observed neutrino flux from the source at z 0:1. The expected muon events for above TeV energy neutrinos are N 0:02 events in the case of x-ray flare (A) in Fig. 2 . We can expect N 1:4 events when the flare is energetic and more nonthermally baryonic [FUV-ray flare (B)]. Note that, in the case of an energetic flare, the maximal neutrino energy will become small because the highest energy protons suffer from the photomeson cooling very much.
We can estimate a diffuse neutrino background from FUV/x-ray flares for specific parameter sets under the 
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051101-2 standard CDM cosmology ( m 0:3, 0:7; H 0 71 km s ÿ1 Mpc ÿ1 ). Assuming that the long GRB rate traces the star formation rate (SFR), we shall use the SF3 model of Porciani and Madau combined with the normalization of overall GRB rates obtained by Guetta et al. [15] . The choice of z max which should be larger than 6.3 does not affect our results so much, so we take z max 11, which is the epoch when the reionization is likely to occur. X-ray flares are detected in at least (1=3-1=2) of Swift GRBs [5] . So we can expect that flares are common in GRBs. Here, introducing the ratio of the energy emitted by flares to that of the prompt emission, f F E flare =E GRB , let us estimate the neutrino flux analytically. First, we can express the total number spectrum of accelerated protons, using " p;max 10 9 GeV, 
where f z is the correction factor for the possible contribution from high redshift sources and R GRB 0 is the overall GRB rate at z 0 where the geometrically correction is taken into account. f F acc expresses the ratio of the nonthermal baryon energy of flares to the prompt radiated energy. If the nonthermal baryon energy is comparable to E GRB , we can expect a significant contribution to the neutrino background from flares. Our numerical results obtained by the same method as in our previous paper are shown in Fig. 3 for the cases of f F acc 0:5-5. Expected muon events from above TeV neutrinos are also shown in Fig. 3 . Although the expected muon events of above TeV neutrinos from flares will be smaller than those from prompt bursts (shown in Fig. 3 ), they can be comparable with or exceed those from prompt bursts in the very high energy region above a few PeV range. Implications and discussions.-In the near future, high energy neutrino signals from flares may be detected by IceCube and/or Auger which can provide information on the nature of flares. We expect such neutrino flashes from flares should be in coincidence with the early afterglow phase. Especially, some of events will be correlated with observed flares. These signals may be expected from not only long GRBs but also short GRBs, that also may accompany flares [6] , if such flares are baryonic origins. However, several authors recently discussed flares may not be of baryonic origins but of magnetic origins [16] . If the outflow is much magnetized, formed shocks would be greatly weakened and neutrino emission would be suppressed [16] . The detection of high energy neutrinos is one of the tests for the origin of flares. In addition, these signals would give us information not only on the magnetic field but also on the photon field. As demonstrated in FUVray flare (B) in Fig. 2 , too copious photon fields will reduce the maximum proton energy and the following maximum neutrino energy. Moreover, such neutrino detection may include signals from FUV-ray flares that are not seen due to absorption by neutral hydrogen both in host galaxy and in our Galaxy. Combined with gamma-ray large area space telescope (GLAST) mission which may detect sub-GeV flashes by IC [7] or 0 decay, these high energy neutrinos may be important as a probe of FUV-ray emissions. 
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We have estimated the flux of neutrinos from flares by normalizing the proton flux with the typical prompt radiated energy. For the capability of detections, outflows may need to be largely baryon loaded. Many flares are likely to be interpreted as the late activity of the central engine. Such an energy injection is also one of the common interpretations for early flattening of the x-ray afterglow and its energy will be comparable to that of the prompt burst [5] . These late activities might supply the extra nonthermal baryons. However, too large nonthermal baryon loading will not be plausible [2] and would also be constrained by high energy rays. The high energy rays could cascade in the source and/or in infrared and microwave background where the delayed emission would occur [17] . The delayed emission, if it occurs, would be expected in the GeV-TeV region and extended to the keV-MeV region. In addition, there would also be contributions of synchrotron radiation components from charged particles such as pions. Although the detailed calculation is needed to obtain reliable spectra, such emission could not be detected unless the source is very nearby and/or the flare is energetic. [For example, in the case of the set with L max 10 49 ergs=s, r 10 14:9 cm, and ÿ 30, the inferred spectra [17] imply that the detection by burst alert telescope would be difficult at z * 0:1.] GLAST would be able to test the existence of high energy emission.
At present, we do not know the total radiated energy from flares very well. The fluences of x-ray flares are usually smaller than that of the bursts, but can be even comparable to or higher than that of the bursts. There are also some GRBs with multiple flares, and there might be a significant fraction of the FUV-ray flares. We also do not know the opening angle of flaring outflows themselves. If the late slow outflow might have the larger opening angle than the prompt fast outflow, of which beaming factor f b E GRB =E iso ;tot is typically 0:01-0:1, we can expect high energy neutrinos uncorrelated with GRBs. Many parameters are still uncertain but these distributions are important for more realistic predictions. For larger collision radii with r 10 16 cm, we expect fewer neutrinos. Therefore, our evaluation could be maybe applied to about only a half of flares, and the other half would make GeV flares and very high energy cosmic rays. Unknown features of flares will be unveiled through more multiwavelength observations by Swift, GLAST and so on. We expect future neutrino observations will also give us some clues on the physical parameters of flares.
Waxman and Bahcall [1] predicted neutrino burst under the assumption that GRBs are the main sources of ultrahigh-energy cosmic rays (UHECRs). In the case of the prompt bursts, the optical thickness for the photomeson production can be smaller than the unity especially at larger radii r * 10 14 E iso ;sh =10 51 ergs 1=2 cm and the UHECRs can be produced in such regions. In flares, it is more difficult to generate UHECRs especially in the case of FUV-ray flares where the optical thickness for the photomeson production can be larger. So far, we have not taken account of neutrino oscillations. Actually, neutrinos will be almost equally distributed among flavors as a result of vacuum neutrino oscillations [1] .
